ABSTRACT Many world cities have suffered large-scale disasters, causing a significant loss of lives, property damage, and adverse social and economic impact. Those who are most vulnerable during and in the immediate aftermath of disaster crises are the elderly. Therefore, it is imperative to identify them and determine their specific needs in order to support them. Although several Social Vulnerability Indexes (SVIs) have been developed to assess different types of disaster vulnerability across geographic and population levels, few have been tailored to the older population. Building on the research of Gusmano et al., this study modifies and uses an SVI specifically designed to assess the vulnerability of older populations to emergencies and disasters across seven domains, namely, population size, institutionalization, poverty, living alone, disability, communication obstacles, and access to primary care. Moreover, it is acknowledged that availability of data largely depends on the local context and is always a barrier to production of indices across countries. The present study offers suggestions on how modifications can be made for local adaptation such that the SVI can be applied in different cities and localities. The SVI used in this study provides information to stakeholders in emergency preparedness, not only about natural disasters but also about health hazards and emergencies, which few existing SVI address.
INTRODUCTION
Many world cities have suffered large-scale disasters, causing significant loss of lives, property damage, and adverse social and economic impact. Types of disasters range from natural disasters, such as earthquakes and typhoons, to public health atrocities, e.g., pandemics of infectious disease, and terrorist attacks. Recent examples of natural disasters that have resulted in tremendous damages and harm to residents include the 2011 Tohoku earthquake and tsunami that shook the east coast of Japan, including Tokyo, resulting in tragic losses of life; the super typhoon Sandy, which hit New York in 2012 with serious power outages and flooding; and the 2013 New South Wales heat wave, triggering bushfires that destroyed residential homes in Sydney and Melbourne. Substantial damage and loss of life result also from human-induced disasters, e.g., the 1996 Garley Building fire in Hong Kong took 41 lives. Apart from physical hazards, public health disasters of epidemics and pandemics have been increasing and affect predominantly urban populations. 1 Recent examples include the 2003 severe acute respiratory syndrome (SARS) outbreak in Hong Kong that caused clustered deaths in one of the private residential estates and the influenza epidemic that caused a public health emergency in New York. Many world cities, despite their affluence and well-developed infrastructure and service networks, lacked adequate emergency preparedness plans for such disasters.
Many studies have identified the elderly as particularly vulnerable to disaster effects. [2] [3] [4] A recent study showed that the disproportionately high death toll in the older population in Hurricane Katrina may be related to the unsuccessful evacuation plan and the interruption of clinical services, auxiliary services, and pharmaceutical services after the disaster. 5 Many questions need to be addressed in order to create emergency plans to avert adverse outcomes. For example, if an area has to be quarantined during a pandemic outbreak, are older people provided simple and clear instructions to facilitate their understanding of what they need to do? Will they be able to perform daily activities, such as bathing or toileting, if there is no customary home helper? Do they have enough medication for the prolonged quarantined period? Are prescription records available from a centralized database if prescriptions are lost or destroyed in the disaster, such as what occurred to older people following the Tohoku earthquake and tsunami? Is their anxiety treated well? Anxiety during the SARS outbreak was associated with higher suicide rates among older people. 6 These findings show that older people, compared with younger populations, have additional physiological, psychological, and social needs in times of disaster. Therefore, vulnerability of older people should be examined separately from the general population.
In the USA, the Project Public Health Ready largely adopted the Department of Health and Human Services' definition of at-risk populations, 7 which includes characteristics such as old age, disability, institutionalization, cultural diversity, limited English proficiency, transportation disadvantaged, chronic illnesses, and medication dependency. Social Vulnerability Index (SVI) typically assesses these characteristics to identify vulnerable populations.
A variation of the SVI was developed to assess different types of disaster vulnerably at various geographic and population levels. 8 Using variables or domains derived from inductive or deductive methodology, 9 a composite score is calculated as a relative measure that reflects the overall vulnerability of each geographic unit. 10 Methodological differences notwithstanding these indices provide a composite score for quantifying factors contributing to the population's susceptibility to, readiness to respond to, and ability to recover from hazards. The relative scores highlight the areas of highest need and risk, which may inform policymakers and service providers in their efforts to plan and prioritize emergency preparedness and relief measures.
Older people show different patterns of vulnerability compared with younger people in terms of their sociodemographical, financial, social, physical, and psychological characteristics. 11 Furthermore, older people are more likely to suffer health-related consequences and take more time to recover from disasters. 2, 12 Most SVIs include the number or percentage of older people as one of the variables. [13] [14] [15] [16] [17] [18] Since the older population is a heterogeneous subgroup with different levels of vulnerability, there is a need to go beyond merely describing this group by its population size and more deeply examine the characteristics of this high-risk subgroup. Despite the rapidly aging population, the ratio of the older population to the whole population still constitutes a minority. Thus, using population demographics to construct the SVI is likely to mask the characteristics of the older population. However, most of the SVIs were developed for general populations with only a few applicable for older people specifically. [19] [20] [21] The few SVIs that include the elderly were developed for different target populations. The SVI developed by Crooks was targeted for developing countries, 19 while the one developed by Gusmano et al. was aimed at world cities with well-established infrastructures and economies. 21 In addition, while most of the existing SVI studies focused on natural disasters, 20 Gusmano et al. incorporated vulnerability to health disasters such as pandemics. 21 Although a generic SVI may guide the establishment of social service organizations to support the general population, an index specific to older populations is needed to inform the provision of community-based disaster preparation services for the older people. An SVI developed specifically for older people is an important assessment tool for informing management policies and measures for dealing with disasters and emergencies that meet the needs of the elderly. In order to protect cities with an ever-increasing aging population and to meet the emergency service needs of older people in natural and health disasters, the current study aims to build on the SVI for older people based on the previous work of Gusmano et al. 21 and apply it to the examination of two cities-Hong Kong and New York City as examples. This modified SVI could be applied to different cities and regions.
METHODS

SVI
The present study modifies the elderly SVI developed by Gusmano et al., assessing neighborhood levels of vulnerability, which adopts a deductive method for selection of relevant vulnerability domains and assessing neighborhood levels of vulnerability of the older people in New York City. 21 The SVI of Gusmano et al. was adopted because one of the coauthors of this investigation was involved in the previous study. Moreover, this SVI was developed for world cities, and it may be suitably applied to a similar world city such as Hong Kong. In addition, this SVI, in contrast to most measures, considers the vulnerability to health disasters, in which few previous SVIs had addressed.
The deductive approach, which also is adopted widely by other researchers, 13, 14, 19, 22, 23 draws from both theoretical and empirical studies to generate a set of variables with high face validity and comprehensibility. Variables most relevant to the vulnerability of older people can be drawn from the gerontology and disasters literature. 20, 24 Using this approach, the same set of variables may be applied to different geographic locations, which permits the comparison of relative vulnerability of older persons to specific hazards.
Six domains were originally proposed by Gusmano et al., 21 covering older population size and their characteristics, including poverty, living alone, disability, communication obstacle, and access to primary care. The present study modifies their work by adding the institutionalization domain. Moreover, it is acknowledged that availability of data is always a barrier to production of indices across countries. The present study offers suggestions for creating more flexible modifications, adaptable to local contexts. For example, if data for people aged 75 years or more were not available, those aged 65 years or older could be considered. Also, according to contextual differences in cities, an alternate domain-specific variable may be used. For example, education level was used in homogeneous populations and linguistic isolation in heterogeneous populations. The rationale for the vulnerability domains used in the current investigation is described in the following sections.
Older Population Size
Advanced age is related to physical and cognitive decline, mobility problems, chronic disease morbidity, and mortality, 11 which may limit mobility and accessibility to resources related to emergency preparedness and recovery. 20, 25 Apart from inability to evacuate, some may be unwilling to leave their homes. 26 The older population size domain is measured by the number of people aged ≥75 in the geographical unit. 21 The greater the size of the older population, the larger the SVI. Unlike the other characteristics, which are usually expressed in terms of proportion, this variable is expressed in absolute numbers so as to capture the actual number of people who need help and support in disaster emergency situations. Some studies included the number of older people in the compilation of SVI, using different definitions by chronological age. 10, [14] [15] [16] 20 The present study adopts age ≥75 as the definition, since previous research showed that this age group had greater needs for evacuation assistance than the young-olds, 27 and there was a sharp increase in health problems among this group in the aftermath of disasters. 3 
Institutionalization
Hospital patients and institutional care residents are more likely to be frail, disabled, or bedbound. Though residential institutions have stricter building codes than those of domestic households, they may be understaffed and/or lack special vehicles to evacuate the residents in a timely manner during emergencies. 24, 28 For example, during Hurricane Katrina, nursing home administrators had to make challenging evacuation decisions, arrange transportation, and seek appropriate receiving facilities for older residents. 29 Locating the areas with higher concentrations of care facilities helps to pinpoint areas of highest specialist evacuation need.
14 A modification of the SVI of Gusmano et al. is to incorporate the institutionalization domain, which is measured by the percentage of institutional population (dividing the number of older people living in institutions by the number of older people living in both community dwellings and institutions) in the geographical unit. The higher the percentage of institutional population, the larger the SVI. Other studies have adopted similar indicators. 14, 17, 20, 30 The characteristics of the institutionalized population were not included in the development of the SVI because their vulnerability was more related to the institutional settings than their personal characteristics. 3 
Living Alone
Living alone elevates the risk of social isolation, which may, in turn, be associated with poorer mental and physical health, and leads to problems in escape and recovery from emergency situations. 31 Risk factors associated with living alone may be further exacerbated by other factors like widowhood or financial difficulties, which may further limit one's ability to access resources. 24, 25 This domain is measured by the percentage of community-dwelling older population living alone in the geographic unit. 21 The higher the percentage of older people living alone, the larger the SVI. This domain was also included in other studies. 19, 20, 30 Poverty Poverty limits the older person's ability to acquire resources necessary to maintain their well-being. For example, impoverished older people may not be able to afford fuel, food, or clothing to keep them warm in extremely cold weather 32 or may have limited access to services and resources for post-disaster rehabilitation, including accommodation, clothing, or transportation. 33 Even worse, older people living in poverty tend to cluster in disaster-prone areas. 34 During Hurricane Katrina, households living in poverty suffered disproportionately higher human and housing damages due to residing in low-quality constructions, and they were more likely to be forced to migrate following the disaster. 35 The poverty domain is measured by the percentage of community-dwelling older people with income below the values specified in the 2005 US Department of Health and Human Services (HHS) Poverty Guidelines, 36 which takes into account both the household size and the household income. 21 The higher the percentage of older people in poverty, the larger the SVI. The poverty domain was commonly included in other SVI studies. 10, 14, 17, 20, 35, 37 Communication Obstacles Effective communication is essential in disaster preparedness and management. For ethnically heterogeneous cities like New York City, those with limited English proficiency may face difficulties in disaster communication, which contain important information about the emergency preparations and recovery plans. 17, 25 Furthermore, those who were linguistically isolated were less likely to receive adequate health and social services, resulting in poorer health outcomes. 21, 38, 39 For ethnically homogeneous cities, such as Hong Kong, language isolation may not be a problem, but illiteracy and low educational attainment may be obstacles. Education level may reflect older individuals' knowledge and use of precautionary measures and emergency help lines. People with lower educational attainment tended to have limited access and response to disaster communications and had difficulties in managing and recovering from disasters. 40, 41 The higher the percentage of communication obstacles among the older people, the larger the SVI. For ethnically heterogeneous populations, such as New York City, the communication obstacle domain could be measured by the proportion of community-dwelling older population who are linguistically isolated (as defined by living in a household in which all members aged ≥14 years speak a non-English language or speak English less than "very well"). 21 Similar variables have been adopted in other SVI studies. 17, 37 A suggested modification of the SVI of Gusmano et al. for ethnically homogeneous populations, such as that of Hong Kong, is to measure this domain by the proportion of community-dwelling older population who have education levels less than lower secondary (Grade 9). Some SVI measures include this variable. 17, 19, 30 In New York City, the use of linguistically isolated in this domain is preferred to education level since many residents are immigrants. Although immigrants may have attained high education levels in their home countries, this may not be accompanied by English language fluency. In contrast, immigrants in Hong Kong are mainly from the southern part of China, where differences in spoken language are minor. Therefore, linguistic isolation is less of a problem in Hong Kong.
Disability
Disability and chronic illnesses increase with age and are more prevalent among disadvantaged populations. 42 Physical, sensory, or cognitive impairments and chronic illnesses restrict physical function and activities of daily living. Speech, hearing, and visual impairments also reduce accessibility to information before, during, and after a hazard. 25 Disability is a direct indicator of vulnerability in case of hazards requiring emergency evacuation. 43 The disability domain is measured by the proportion of older people with at least one type of disability (such as hearing impairment, visual impairment, physical handicap, speech impairment, mental handicap, mental illness, autism, and visceral disability/chronic illnesses). Alternatively, disability can be measured in terms of inability to go outside the home, regardless of the specific type of physical disability. Similar variables had been adopted in existing SVI studies. 14, [17] [18] [19] 37 The higher the percentage of older people with disabilities, the larger the SVI.
Access to Primary Care
Primary care is the first point of contact with health care system. Disease prevention, screening, and treatment services are essential to address public health hazards. A continuous, comprehensive, and coordinated primary care system would reduce the onset and complications of chronic diseases. 44 Avoidable hospital conditions (AHCs), sometimes called ambulatory care sensitive conditions, defined by a list of conditions such as asthma and congestive heart failure, 45, 46 are among the wellestablished indices for assessing access to timely and effective primary care. 47, 48 A high rate of AHC is associated with poor access to primary care in world cities as shown in our previous work. 49 Existing SVI includes availability of primary care providers in a geographical unit. 18, 35 However, such variables measure availability but not actual utilization of health care services, which may be affected by other accessibility barriers. 50, 51 Hence, the rate of avoidable hospitalization was proposed as a more relevant indicator for this domain. 21 The higher the rate of avoidable hospitalization, the larger the SVI. To reflect the provision of primary care, general adult populations (instead of older populations) were more appropriate to capture the adequacy of primary care systems in the area.
Compilation of SVI
Following the previous work of Gusmano et al., 21 each of the seven selected variables of the geographic units was ranked by deciles, with 1 indicating the decile with smallest values and 10, the largest. An advantage of the decile method is that it is robust to extreme values, as each variable has a range from 1 to 10. The SVI for each geographic unit was calculated as the mean decile ranking across the seven variables. The range of the SVI was from 1 to 10, with higher values indicating greater vulnerability of the population residing in that geographic unit.
Summary statistics of the SVI at larger geographic units (i.e., district in Hong Kong and borough in New York City) were calculated. One-way ANOVA was used to compare the difference in SVI across the districts/boroughs. Data analyses were performed by SPSS version 20.
Data Collection
Study Sites. Our SVI was applied to two world cities: Hong Kong and New York City. Hong Kong, located at the south coast of China, had a population of 7.2 million in 2013, of which 7 % were aged ≥75 years. 52 New York City, located at the southern tip of New York State in the northeastern USA, had a population of 8.2 million in 2010, of which 6 % were aged ≥75 years. 53 Hong Kong and New York City face similar natural hazards, such as storms, typhoons, hurricanes, and hot weather, as well as such pandemic hazards as avian flu. Table 1 shows the characteristics of the two cities.
Geographic Unit. The choice of geographic unit is based on practical considerations. For Hong Kong, the constituency area (CA) was chosen as the geographical unit. The territory of Hong Kong is divided into 18 district council districts and 400 CAs (as of 2006). The boundaries/divisions of CAs are reviewed before the district council election, such that each CA covers a similar size of population (electors). Each CA is represented by a directly elected councilor in the district councils that is responsible for advising the government on matters related to the district, including the well-being of the residents, the provision and utilization of public facilities and services, adequacy and priorities of district-level programs, and use of allocated public funds. The choice of CA as the geographic unit not only ensures homogeneity within the unit but also has administrative advantage in that the elected district councilors representing the CA would have active interest in improving the areas concerned.
For New York City, neighborhood was chosen as the geographic unit. New York City is comprised of five boroughs and 292 neighborhoods. The neighborhoods identified in this study are widely recognized by both residents of the city and city officials. 54 AHC rates in 2006 were calculated for the general population aged ≥15, based on the hospital discharge data from the Hong Kong Hospital Authority. The diagnoses for hospital admission were coded according to the International Classification of Diseases, which was used to identify the AHCs. 49 AHC rates were adjusted using the WHO's age standardization method. 55 Although only district-level disability statistics and AHC rates were available to the authors, the CA-level statistics were assumed to be the same as those of the district-level. Underestimates of disability may exist owing to non-mandatory registration. AHC rates also may be underestimated since the rate was based on the hospital admissions to public hospitals, which accounted for 90-95 % of all inpatients. 56 It was assumed that the missing data was independent of geographic units.
The statistics for compiling the SVI were collected in a similar manner for New York City. Because of the limits of the publicly available data from the 2010 US Census, characteristics of the older population (including institutionalization, living alone, linguistically isolated, disability) were based on the population aged ≥65, rather than the ≥75 population. The denominator for rates of people ≥75 living in poverty was the entire population aged ≥75. The denominator for the percentage of people aged ≥65 who are living in a nursing home, linguistically isolated, and having disability was the entire population aged ≥65. The denominator for the percentage of people aged ≥65 who are living alone was the community-dwelling population aged ≥65, excluding those living in institutions (nursing homes, prisons, and college dormitories). The rates of AHC were obtained from the Statewide Planning and Research Cooperative System (SPARCS) based on the definition of avoidable hospitalizations established by Billings and colleagues 46 for the entire population ≥18 years. Since only aggregated data were available, age standardization could not be made.
Although the use of the same population subgroups could facilitate comparison between Hong Kong and New York City, this was not possible due to limited data availability. Since SVI is designed for intra-city comparison instead of cross-city comparison, the researchers used the most preferred population subgroups (age ≥75 years vs age ≥65 years; community-dwelling vs entire) and the most readily available data. Table 2 shows the summary statistics for the selected variables in the construction of SVI for Hong Kong and New York City. Among the 400 CAs in Hong Kong, the number of people aged ≥75 years varies substantially across districts, from 91 in Discovery Bay (Island District) to 4,849 in San Hui (Tuen Mun District), with a mean (±SD) of 957 (±555). About one third of the CAs did not contain an institutional population aged ≥75 years, whereas two CAs (both from Tuen Mun District) had over 80 % of the older population living in institutions. About 15 % of the community-dwelling people aged ≥75 years were living alone; the proportion ranged from 0 to 54 %. On average, 34 % of the community-dwelling population aged ≥75 years were living in poverty, the proportion ranging from 3 to 71 %. Two thirds of the CAs had over 90 % of their community-dwelling population aged ≥75 years with education levels less than lower secondary. The proportion of the older population reporting disabilities varied from 4 % in the Sai Kung District to 13 % in the Southern District. The age-standardized AHC rate per 1,000 people aged ≥15 ranged from 6.4 for the Island District to 10.6 for the Southern District.
RESULTS
Characteristics of the Geographical Units
Among the 292 neighborhoods in New York City, the number of people aged ≥75 years similarly showed marked variation, from 7 in the "Down Under the Manhattan Bridge Overpass" (DUMBO) neighborhood to 19,319 in Bensonhurst (both from Brooklyn Borough), with a mean of 1,580 (±2,003). About 44 % of the neighborhoods in New York City did not have an institutional population aged ≥65 years, and none had an institutionalization proportion exceeding 40 %. On average, about 19 % of the population aged ≥75 years were living in poverty, the proportion ranging from 0 to 55 %. One third of the community-dwelling population aged ≥65 years was living alone, the proportion ranging from 14 to 58 %. Six neighborhoods (from all boroughs except Staten Island) had over 70 % of the population aged ≥65 years who were linguistically isolated. On average, 25 % of people aged ≥65 years had impairments precluding going outside the home, the Number of population aged ≥75 m e a n = 9 5 7 , S D = 5 5 5 , median=831, IQR=604, min=91, max=4849
Number of population aged ≥75 m e a n = 1 5 8 0 , S D = 2 0 0 3 , median=942, IQR=1745, min=7, max=19319 2. Institutionalization % institutional older population aged ≥75 mean=11 %, SD=19 %, m e d i a n = 2 % , I Q R = 1 2 % , min=0 %, max=90 % % institutional older population aged ≥65 mean=4 %, SD=7 %, median=0 %, IQR=4 %, min=0 %, max=39 % 3. Living alone % commun ity-dwell ing ol der population aged ≥75 living alone mean = 15 %, SD = 9 %, median=14 %, IQR=12 %, min=0 %, max=54 % % older community-dwelling population aged ≥65 living alone mean =32 %, SD=9 %, median = 31 %, IQR = 13 %, min=14 %, max=58 % 4. Poverty % commun ity-dwell ing ol der population aged ≥75 living in poverty mean=34 %, SD=12 %, median=33 %, IQR=15 %, min=3 %, max=71 % % older population aged ≥75 living in poverty mean=17 %, SD=13 %, median = 14 %, IQR = 19 %, min=0 %, max=55 %
C o m m u n i c a t i o n obstacles
% community-dwelling older population aged ≥75 who had education level less than lower secondary (Grade 9) mean=91 %, S D = 9 % , m e d i a n = 9 3 % , IQR=9 %, min=44 %, max=100 % % older population aged ≥65 who were linguistically isolated m e a n = 2 9 % , S D = 1 9 % , median = 25 %, IQR = 27 %, min=1 %, max=100 % 6. Disability % older population aged ≥75 with disability mean=8 %, SD=2 %, median=8 %, IQR=4 %, min=4 %, max=13 % % older population aged ≥65 with disability mean=25 %, SD=8 %, median = 24 %, IQR = 10 %, min=0 %, max=51 % 7. Access to primary care
Rate of AHC 45 per 1,000 people aged ≥ 1 5 m e a n = 8 . 5 , S D = 1 . 1 , median=8.6, IQR=1.5, min=6.4, max=10.6
Rate of AHC 46 per 1,000 people aged ≥18 mean=2.1, SD=1.6, median=1.7, IQR=1.8, min=0.0, max=14.9 SD standard deviation, IQR interquartile range, min minimum, max maximum, AHC avoidable hospital conditions proportion ranging from 0 to 51 %. A quarter of the neighborhoods had a crude rate for AHC below 1 per 1,000 people aged ≥18, whereas the rate exceeded 10 per 1,000 in two neighborhoods.
Characteristics of the SVI For Hong Kong, the mean of the SVI was 5.3 (±1.6). Figure 1 shows the most and the least vulnerable CAs in Hong Kong identified by SVI. The most vulnerable CA was Sha Ta located in the North District (an SVI of 8.7). Meanwhile, the least vulnerable CAs were Chung On, Bik Woo, and Chun Ma, which are all located in the Shatin District; the SVIs of these CAs were 1.4, 1.6, and 1.7, respectively. Table 3 shows the summary statistics of the SVI within each district in Hong Kong. On average, CAs in the Sham Shui Po, Yau Tsim Mong, and Wong Tai Sin Districts had the highest SVIs, with a mean of 7.1 (±1.1), 6.9 (±1.2), and 6.7 (±0.8), respectively. In contrasts, CAs in the Shatin and Sai Kung Districts had the lowest SVIs, with a mean of 3.6 (±1.3) and 3.8 (±1.0), respectively. ANOVA results showed that the mean SVIs of the CAs in the 18 districts were significantly different (pG.001) (Fig. 2) . Post hoc pairwise comparison with Bonferroni correction showed that the Sham Shui Po District had a mean SVI significantly larger than those in ten other districts (including Shatin, Sai Kung, Tuen Mun, Islands, Eastern, Central & Western, Tsuen Wan, Wan Chai, Yuen Long, and Kwun Tong) (p value ranged from G.001 to .017). In contrast, the Shatin District had a mean SVI significantly smaller than those in 11 other districts (including Sham Shui Po, Yau Tsim Mong, Wong Tai Sin, Southern, Kowloon City, Tai Po, North, Kwai Tsing, Kwun Tong, Yuen Long, and Wan Chai) (p value ranged from G.001 to .048).
In New York City, the mean (±SD) of the SVI was 5.4 (±1.5). Figure 3 shows the most and the least vulnerable neighborhoods in New York City identified by SVI. The most vulnerable neighborhoods were Far Rockaway (Queens Borough), East   FIG. 1 The most and the least vulnerable CAs in Hong Kong identified by SVI.
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Concourse (Bronx Borough), and Coney Island (Brooklyn Borough), which had an SVI of 9 or above. On the other hand, the least vulnerable neighborhood was Beverly Square W. from the Brooklyn Borough, which had an SVI of only 1.7. Table 4 shows the summary statistics of the SVI within each borough in New York City. On average, neighborhoods in the Bronx Borough had the highest SVI, with a mean of 6.0 (±1.4), whereas neighborhoods in the Staten Island Borough had the lowest SVI, with a mean of 4.2 (±1.2). ANOVA results showed that the mean SVIs of the neighborhoods in the five boroughs were significantly different (pG.001) (Fig. 4) . Post hoc pairwise comparison with Bonferroni correction showed that the Bronx Borough had a mean SVI significantly larger than those in Staten Island Borough (pG.001), Queens Borough (p=.001), and Manhattan Borough (p=.011). In contrast, Staten Island Borough had a mean SVI significantly smaller than those in the other four boroughs (p value ranged from G.001 to .023).
DISCUSSION
By modifying the previous work, 21 this study applied an SVI to measure the vulnerability of older populations in Hong Kong and New York City. The vulnerability was not only taken account of natural disasters but also the health hazards and emergencies. Findings of this study inform the stakeholders involving in emergency preparedness actions of the residential areas of the most vulnerable older population and revealed their needs. The importance of local adaptation was also demonstrated with applications to Hong Kong and New York City. For example, linguistic isolation was found to be an important concern for a culturally diverse city like New York City, but education level was more relevant to a homogeneous city like Hong Kong. The Hong Kong findings were consistent with the authors' expectations that CAs in Sham Shui Po, Yau Tsim Mong, and Wong Tai Sin are the most vulnerable, since these districts are well-known, old residential districts, with lower socioeconomic status and poorer health outcomes. The surprising results were the high vulnerability in CAs in the Southern District, which, despite a relatively high socioeconomic status, has a high proportion of the older population with disabilities and a high AHC rate. This observation justified the inclusion of some health indicators in the SVI, which was not the case for many of the SVIs reported in previous research. The interactions of health-related variables with poverty, low education level, and singleton households reflect varying vulnerability in the older population.
The results for New York City were also consistent with the authors' expectations. The Bronx and Brooklyn areas include neighborhoods that are among the poorest and most vulnerable in New York City. This data is consistent with previous studies that have found that older people who live in low-income neighborhoods in the Bronx and Brooklyn are more likely than older residents of other boroughs to report individual health problems and express concerns about their built and social environments. 21 It is important to update the SVI on a regular basis since the demographics and characteristics of the population are changing. Therefore, in this study, the statistics used for calculation of SVI were based on regularly available sources of official statistics, rather than from ad hoc surveys. These statistics are routinely collected, There are other factors that may affect the vulnerability of the older people. For example, the cluttered living environment or housings without escalator service may hinder the evacuation of older people from their own homes or institutions during emergencies or from seeking medical advice and care. However, these factors may not be quantified by regular official statistics, and they were excluded from the SVI. Moreover, the influence of some factors may change over time. For example, the low education level among the older people in Hong Kong may become irrelevant several decades from now because the future cohorts of older people may have benefited from the mandatory education policy implemented in the late 1970s. Meanwhile, with the rising number of new immigrants from South Asia and a variety of cities from China, who may not be proficient in Cantonese, Mandarin, or English, language isolation may be an emerging issue. Among the organizations that have developed recommendations and protocols for emergency planning for older people and people with disabilities are the Red Cross, Salvation Army, the Centers for Disease Control and Prevention (CDC), Ready.gov, HelpAge International, the Administration on Aging, and the American Association of Retired Persons (AARP). An SVI adapted for older people living in a particular community may provide important information for such emergency preparedness planning.
Using an SVI to assess the vulnerability of a geographic unit may appear to stigmatize a particular region, since there may be negative public perceptions of some of the selected variables. However, some indicators do not carry negative connotations per se. For example, living alone could be a sign of independent living. 21, 57 Similarly, those areas with a high concentration of frail people may represent good accessibility to health and social services. High accessibility of services in the neighborhood may account for higher numbers of frail older people living in such neighborhoods. Furthermore, the SVI took into account health, as well as social characteristics, instead of solely relying on socioeconomic status in determining the vulnerability of the population. Use of the SVI may guide allocation of limited resources to those most in need.
There are strengths and weaknesses related to each of the SVI developed by different researchers. The strength of the SVI used in this study is its applicability to diverse cities according to the flexible modification strategies. Also, the use of regularly available official statistics enables continual, constant updating. This SVI targets older populations and incorporates the health component. This study was limited by the unavailability of statistical analysis at the desired level (e.g., the Hong Kong CAs). While statistics for finer geographical units may not be available in the public domain, the government should be able make them available for researchers in order to compile the SVI more accurately. It would be helpful if public agencies captured more disaggregated residential information when collecting data for other purposes and if they did so in a consistent way. In New York City, for example, agencies working in different domains use completely different geographic units for data collection purposes. This makes it harder to develop an SVI or other indicators of health and social well-being that are multidimensional. Nevertheless, the most important objective of developing the SVI was the implementation and utilization of the SVI in policy-making. This study shall pave the way for future researchers to correlate health needs and risks of older people to inform stakeholders for emergency preparedness and responses.
